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0. Introduction
The aims of this restricted study are as follows:
a) to analyze the perceptual pattern of Hindi aspirated consonants
as spoken and recognized by native speakers;
b) to examine the predictive role of phonetic sciences in the light
of the recent theory of aspiration propounded by Kim (1970);
c) to determine the phonological phenomena involving aspiration in
Hindi.
In Hindi, as in other Indo-Aryan languages, the consonant system
has many contrasts involving aspiration and voicing as is shown in the
following table.
Unvoiced Unvoiced Voiced Voiced
Stops Unaspirated Aspirated Unaspirated Aspirated
Velar
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and to establish the "h:!.erarchy of difficulties" on the part of native
speakers, I feel that this project is significant for the following
reasons
:
First, it examines a correlation between the production and perception
of the aspirated consonants when spoken and recognized by native speakers
.
Second, it examines the predictions made by the recent theory of
aspiration (see Kim 1970; Lisker and Abramson, 196M-).
Third, I feel that this investigation may have pedagogical merits such
as the learning and teaching of aspirated- stops of Hindi to the foreign
language learner. In the teaching of Hindi, pronunciation of aspirated
stops presents a great problem.
2 .0. Review of Earlier Research
In the area of acoustic studies of Hindi the most significant work
has been done by Gupta, Agrawal and Ahmad (1969), and Ahmad and Agrawal
(1969). In their experiment, they revealed the significant features in
the perception of normal Hindi consonants as well as in clipped speech.
Their findings are as follows:
(1) Initial and final consonants are not similar in their perceptual
recognition; and
(2) The average effect of clipping on features follows the order (1).
(2) neisality, (3) flapped liquids, (M-) liquids, (5) continuants, (6) voicing,
(7) fri cation, (8) aspiration, and (9) affri cation; i.e., the place of
articulation is the most important in the intelligibility of any sound, and
affrication is least important. The higher the rank, the higher the
intelligibility. Earlier, Black and Singh (1966), in their experiment with
foiar language groups, namely, English, Hindi, Arabic and Japanese, also
pointed out the significant features in perception. A summary of their
rank-order is given below: (1) nasality, (2) place, (3) voicing, (U) friction,
(5) liquid, (6) duration, (7) aspiration. The focus of above experiments
was not aspiration. The same is true about the linguistically-oriented work
done by Gandhi and Jaggi (1971). They worked out a contrastive study of
selected data of one and two syllable words. These words have been presented
within a context and as isolated items. In this paper nothing is mentioned
about the kind and scope of data, and about the listening and recording
conditions. As this contrastive study provides an overall coirparison of
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English and Hindi sound systems, aspiration is not the main focus of this
experiment.
Ky project is completely restricted to aspiration and in this sense
it is perh^s the first investigation of this phenomenon in Hindi.
3.0. Methodology
In this experiment, three kinds of different methodological procedures
have been adopted.
3.1. Preparation of a Perception Test Tape
3.2. Preparation of a Confusion Matrix
3.3. Preparation of a Perception Test
I shall discuss these below.
3.1. Preparation of a Perception Test Tape
This process involves four steps:
3.1.1. Data Collection . A context-free data of a minimal pair of
a set of 22 consonants in the initial, middle and final positions was
collected. Minimal pairs of the following types were selected:
(1) unvoiced unaspirated vs. unvoiced aspirated;
(2) voiced unaspirated vs. voiced aspirated.
Out of the above two types, the minimal pairs from both sets were collected
except in such cases where examples from only one or the other type could
not be found.
The total number of item.s in the data is 62, with the following syllabic
structures:
CVC (37)
CVCVC (18)
CVCV (3)
VC (2)
VCC, VCV (1 each)
Both meaningful and nonsensical (but phonologically possible) pairs of
words were included in the data. There was no other special cons' ideration
involved in the selection of the data.
3.1.2. Recording of randomized data . The randomized data was read
2by three native speakers of Hindi. The recording of this data was made
in the University of Illinois Phonetics Laboratory, at the speed of 33/4 I.P.S
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3.1.3. Fiirther randomization of the data . In order to include all
62 items but to maintain the random nature of the data, the recording of
each speaker, say S , S^ and S was cut at two uniform points. Thus, the
recording of each speaker was divided into three parts, say x, y and z and
was joined together as shown in the diagram.
Speaker
h
This tape (which I shall call T ) included three readings and each
reading contained the voice of three informants.
3.1.4. The final version of the perception test . The final version
of the perception test tape (T-) was prepared by copying tape T and by
inserting necessary instructions. In T , sufficient space was inserted
between each item so as to allow the subjects enough time to mark their
responses
.
3.2. Preparation of the confusion matrix .
3
The test matrix of 62 x 4 was constructed by presenting the minimal
pairs of every correct item. For exan^le , if the correct recorded item
is /ker/, the test matrix was prepared in the following way: /ker/,. /kher/,
/gar/, /ghor/.
3.3. Presentation of the perception test .
The perception test was played in the phonetic laboratory of the
University of Illinois and twenty native speakers of Hindi heard it in two
groups
.
i+.O. Results
Tables I, II, and III represent the distribution of the records made
by the subjects in the initial, middle and final positions respectively.
The consonants given along the horizontal axis represent the sound which
was perceived by the subjects and the consonants along the vertical ajtis
indicate the consonants which were spoken by informants. For example, in
Table I, the third line indicates that /g/ was spoken in initial position.
Out of 60 occurrences of /g/, two times it was perceived as /gh/, once as
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/k/, 57 times correctly as /g/ , and zero tirr.es as /kh'. Thus, out of
60 occurrences of /g/, 57 times it was correctly responded and 3 tim:es
it was misheard.
The diagonal represents the correct responses given by the subjects
while readings on the left and right of it denote erro)?s. In the tables,
TC stands for "Total Confusion" which is the sum of all the readings which
appear on the left and right of the diagonal.
The results presented in these tables (I, II and III) are summarized
below
:
(1) In all positions, unvoiced unaspirated consonants, such as /k , c,
t, T and p/ were mistaken more often than unvoiced aspirated consonants.
In initial position the only exception was /ph/, and in medial position
the only exception was /th/. In those cases, /ph/ and/th/ were more confused
than /p/ and /t/. However, statistics show that these two exceptions are
insignificant.
(2) In initial and medial positions, voiced aspirated consonants were
more frequently confused than voiced unaspirated consonants . The exception
was 1^1 in medial position. :' i
(3) In contrast to initial and medial position, the confusion in
voiced unaspirated consonants was greater than in voiced aspirated consonants
in final position. The only exception was /g/.
(4) The rate of confusion in the palatal series was much higher than
the rate of confusion which took place in other series.
Thus, the above results indicate that subjects reacted differently
in final position, and in initial and medial position in the case of voiced
aspirated consonants
.
Table IV shows the first probable errors and presents a clear picture
of mistakes made by the subjects. The rate of confusion was very low in
second probable error; that is why it is omitted in Table IV. The probable
error is drawn from ' the readings of Table I, II, and III. First probable
error refers to the most frequent mistake. For example if /g/ is mistaken
five times for /k/ , and three times for /kh/, then the first probable
error for /g/ is /k/ and the second probable error is /kh/.
The most important error is the first probable error. The error which
is responsible for 25% or more of the conf\ision is marked as significant
error and is indicated by a line under it, and if 5% or less confusion
is caused by an error, that error is considered to be insignificant and
is indicated by a star. The two second probable errors were significant
in final position. The rate of confusion of /g/ and /t/dh/ for /k/ and /d/
respectively was considerably high in this position.
Table IV also shows that the confusion occurred most frequently between
the consonant classes which can be distinguished by a single feature, i.e.,
either by aspiration or by voicing.
Table V presents the rank ordering of features. The rank ordering has
been ejqiressed in terms of one feature as well as in two features . The
rank ordering of the consonants is determined by adding the total number
of confusions which took place in the perception of those consonants.
First, the ranks have been established according to initial, medial and
final positions, i.e. information transmitted by Tables I, II, and III,
respectively. For example, if a consonant is confused the least, then
rank 1 is assigned. On the other hand, if a consonant is misheard most
frequently in any position, it is assigned rank 1. Second, by summing up
the ranks in all the positions, the combined rank is determined. If the
sum of all the three positions is least, rank 1 is assigned and if it is
highest, rank U is allotted. The rank of 1 indicates the highest number
of confusions and the rank of 4, the least number of confusions.
The labels in Table V are explained below:
a) [- Aspirate] indicates that unaspirated consonants such as k and
g are mistaken for kh and ^ respectively.
b) [+ Aspirate] presents the opposite case of (a).
c) C+Voiced] indicates that voiced consonants such as g and gh
were misheard as unvoiced consonants k and kh respectively.
d) [- Voiced] shows that confusion was caused as a result of the
addition of voicing, i.e. unvoiced consonants such as k_ and kh were
mistaken for voiced consonants g and gh respectively. Rank-ordering in
terms of two features is presented below:
, ,^t voiced
-, J. ^ ^, ^ ,
a) L. . ^ jJ refers to the reverse case of b.
+ aspirated
w\ r~ vciced -, ., . ^ , .,b; L • ^j. jJ means unvoiced linaspirated consonants are mistaken
- aspirated
.for voiced aspirated, i.e. consonants like k^ are
mistaken for gh.
31
c) [ . , ' expr'^sses that the consonants such as g and i are
- aspirated ., ^ , , , , ., — —'^
mistaxen for kh_ and cn_ respectively.
d) [ . ,] shews that unvoiced aspirated consonants were inistaken
"
for voiced unaspirated consonants such as the confusior
of di_ for j_.
It can be seen that the confusion of unaspirates in all positions is the
highest of all. Consequently, [-aspirated] has the highest rank while
[-voiced] has the lowest. The confusion which took place in terms of the
two features seems to be insignificant except in the final position.
5.0. Discussion
In a recent study, an attempt was made to explain aspiration in terms
of "voicing lag" (see Lisker and Abramson, 196U; Kim, 1970 ). Aspiration
is explained in terms of two reference points, i.e. (a) release of closure
of a stop; and (b) the onset of voicing.
Since in final position one reference point, i.e. onset of voicing
is lost, the theory implies that aspiration will be neutralized in word
final position. This theory also predicts that aspiration is neutralized
before another voiceless consonant since once reference point responsible
for the onset of voicing is lost.
Below I will examine the predictions made by this theory of aspiration.
In final position my results indicate that aspirated consonants are
recognized more correctly than unaspirated ones, while lonaspirated consonants
are mistaken more frequently in that position. An experiment which I
performed with native speakers of English appears to sv^port this finding
(see Bhatia: 1973).'
The experiment which involved 25 American students who had undergone
one sem.ester of intefisive Hindi' training showed that they confused voiced
aspirated consonants more often than voiced unaspirated in ihitial and
medial positions. This is understandable in view of the fact that voiced
aspirated sounds are not presentt in English. However, in final position,
not only could they recognize voiced aspirated consonants more correctly
than voiced unaspirated, but also the rate of the perception of unvoiced
aspirated consonants was significantly higher than that of unvoiced
unaspirated.
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Although this may be due to the fact that English stops are as a rule
aspirated, I feel that the identical results expressed by two separate
experiltients cannot just be a coincidence. It indicates that aspiration in
the final position without the following voice onset nevertheless carries
some cues which enable the native speaker as well as the foreign learner
of Hindi to recognize it relatively easily. It may be that this cue is
release ('a puff of air') vs. non-release of a stop. The spectograms show
that although the degree of aspiration is weaker in final position, it
is not completely absent.
At this point, it will not be irrelevant to consider the case of Kashmiri
which has the following rule:
C ^ C^/ #
This rule accounts for word final unaspirated consonants of Hindi becoming
aspirated in final position in Kashmiri. For example, sebek (H) ^ sabskh
(k), 'lesson' gloss?; nazdik (H) -» nazdikh_ ( k ) , 'near' gloss. The Kashmiri
example indicates that some languages tend to retain word final apsiration
and it seems that Hindi has a potential to share this property with languages
such as Kashmiri
.
Furthermore, the phonological description of Hindi indicates that clusters
(phonetic sequence) such as C C can occur in Hindi (Ohala 1972). This
observation runs counter to the second prediction of the theory of aspiration.
In short, I have tried to show that Hindi retains some perceptual
cues which enable the subjects to detect aspiration in final position.
However, this observation does not undermine the theory of aspiration and
the predictive role of the phonetic sciences for the following reasons:
1) The informants may have overpronounced the aspiration in finals
position while reading the words in isolation. In other words, the context-
free nature of the data could be responsible for the results obtained. This
would be the case especially if the three reading subjects realized that
they were asked to contrast aspiration (and voicing).
2) The occurrence of C C-type clusters is not supported by a phonetic
experiment
.
Thus , further experiments embedding the above data into the minimal
pairs of sentences are needed to validate the results obtained in the present
experiment
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6.0. Summary
The following conclusions can be drawn from the above discussion.
First, unvoiced unaspirated consonants are more confused than unvoiced
aspirated consonants in all positions. Second, voiced aspirated consonants
behave differently: 1) in initial and medial position; and 2) in final
position. In initial and medial positions they are mistaken more often while
they are better recognized in final position. Third, the confusion occurred
primarily between the consonant classes which can be distinguished by a
single feature, i.e., either by aspiration or by voicing. Fourth, unaspira-
ted segments were more frequently confused than aspirated ones, while
[ • T- ] had the lowest rank, i.e. the least confusion took place
- aspiration ^
in the perception of voiceless unaspirated segirents . Fifth, the rate of
confusion in the palatal series was much higher than the rate of confusion
which took place in other series
.
r
NOTES
I wish to express my thanks to Professor C.W. Kim for his help in
planning and conducting this experiment and for his suggestions and comments
on the earlier version of this paper.
2
I had three informants: two males (myself and Mr. Anil Arora) and
one female, Mrs. Vimala Mohan. They are from Delhi, PantNagar (U.P.),
and Lucknow (U.P.) respectively. My thanks are due to them.
3 . . ^
I am thankful to Mrs. Y. Kachru for the various suggestions in
selecting data and for helping me design the test matrix.
14.
Kim's explanation of apsiration differs from Lisker and Abramsan
in terms of underlying control mechanism. Kim agrees that aspiration is
laryngeally controlled. But what is controlled by the laryngeal muscles
in the case of aspiration is not the timing of glottal closing (Lisker and
Abramson's view) but the size of the glottal opening.
Manjari and John Ohala refute Chomsky and Halle's claim that heightened
sub-glottal air pressure is a necessary characteristic of all aspirated
consonants. According to them, during h and upon the release of the
aspirated stops there occurs a moment when there is no oral constriction
and when the glottal resistance is markedly lower than that of normal
voicing. Given such lowered resistance to the lung air, the air naturally
rushes out in great volume, and consequently, the air pressure just below
the glottis is momentarily lowered.
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3* D- 5= D- X D- o n era oq ^ X
H
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Table *+. Probable error matrix (for Table I, II, and III) for initial,
middle and final consonants
.
First Probable Error
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Table 5. Rank Order of the Perceptually Confused Consonants
One
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